No studies have described physical therapy treatment for children with congenital Zika virus syndrome. In this case report, the authors aimed to improve postural control, mobility, and social skills in a 17-to 18-month-old child with congenital Zika virus syndrome through a period of 6-week home-based, intensive physical therapy intervention. Outcome measures were the Posture and Postural Ability Scale, Pediatric Evaluation of Disability Inventory, and Caregiver Priorities and Child Health Index of Life With Disabilities. From pre-to postintervention, the child's Posture and Postural Ability Scale scores increased for level of postural ability in the prone position and postural alignment in all 4 positions (prone, supine, sitting, and standing). The authors saw an overall improvement in mobility and social skills from preintervention to follow-up 3 weeks after intervention. In conclusion, postural control, mobility, and social skills improved for a child with congenital Zika virus syndrome after physical therapy intervention, but future studies are required to confirm these findings.
profound to severe range. 2 This impairs their ability for motor learning. Children with intellectual impairment need a greater number of repetitions to learn a task and they have slower response time and a more limited repertoire of motor responses. 10 As a result, they learn a lesser number of things. Moreover, they have greater difficulty generalizing skills and maintaining skills that are not practiced regularly. 10 For a child to acquire mobility skills, such as sitting, standing, and walking, it is critical that some basic postural prerequisites are acquired, such as functional head and trunk control in various positions. Postural control is also the basis of social skills such as looking around, maintaining gaze, and holding conversations. 11, 12 Unfortunately, there are no studies describing development of postural control or physical therapy interventions for children with congenital Zika virus syndrome. In children with cerebral palsy, trunk control is impaired and increasingly so with more severe levels of cerebral palsy. 13 Gross motor task training is one of the interventions that has shown the best effect for improving postural control in children with cerebral palsy. 12 Several studies support interventions that are intensive and that are maintained for at least 5 to 6 weeks. [14] [15] [16] [17] Home-based interventions have shown to be effective. 18 The aim of this article is to describe the development of postural control, mobility, and social skills in a child with congenital Zika virus syndrome before and after a period of physical therapy intervention. This will contribute to an understanding of the motor consequences of congenital Zika virus syndrome and what type of physical therapy intervention can be offered to these children.
Case Description
This child was born in Southeast Asia. The medical report states that when 12 weeks' pregnant, the mother was sick and developed red spots on her face. Ultrasound examination at week 22 confirmed microcephaly. At birth, gestational age was 40 weeks, weight was 2800 g, length was 49 cm, and head circumference was 28.5 cm. According to the World Health Organization child growth standards, these measures correspond to the 15th percentile in weight, the 50th percentile in length, and <3rd percentile in head circumference. 19 At birth, the child's medical condition was reported as alert, no fever, or dyspnea, oxygen saturation was measured to be 99%, and there was no skin rash. She had a systolic heart murmur, but lung function, infant reflexes, and optic nerves were considered normal.
When the child came to Norway at 4 months of age, further examinations were conducted. The examination period lasted for several months both because the family moved after first arriving to Norway and also due to the complexity of testing and analyses. Magnetic resonance imaging showed microcephaly, lissencephaly, and corpus callosum dysgenesis. Examination of vision and hearing showed normal findings. Heart examination confirmed a congenital ventricular septal defect. Further examination included blood samples of mother and child that were analyzed by a virologist. The mother tested positive for Zika virus immunoglobulin G but also for dengue virus immunoglobulin G. However, cross-reactivity to flavivirus other than Zika virus can occur some time after illness onset. 20 Further blood testing of the child was conducted resulting in a positive result for Zika virus immunoglobulin G and negative for dengue virus immunoglobulin G. The level of immunoglobulin G values in the child's blood was decreasing, and this was interpreted by the virologist that the Zika virus antibodies found in child's blood came from the mother. Testing of the child's cerebrospinal fluid was negative for Zika virus immunoglobulin G enzyme-linked immunosorbent assay and positive for Zika virus immunoglobulin G indirect immunofluorescence. Zika virus immunoglobulin M and polymerase chain reaction analyzed from urine were negative. The negative tests can be expected given the time elapsed from infection to testing. 20, 21 The conclusion that the microcephaly was caused by prenatal Zika virus infection was made by the pediatrician based on the mother's infection in week 12, fetal microcephaly detected at ultrasound examination in week 22, abnormalities of the brain detected at magnetic resonance imaging, and blood sample analysis made by the virologist.
The child was referred to physical therapy in the municipality, and she has been treated from the age of 5 months. The child's overall development was severely delayed. At first, all activity was restricted by severe spasticity and she had no intentional movements. She was uncomfortable, cried a lot, and feeding and sleeping were difficult. The initial physical therapy sessions were home based and focused on easing spasms, finding good positions for rest and activity and supporting the parents. She also received health-care services from other health-care professionals at the hospital and in the municipality.
At 8 months of age, she was diagnosed with epilepsy. Electroencephalogram was analyzed by neurophysiologists. The initial electroencephalogram performed at 4 months of age was difficult to analyze, as the child was uneasy and cried a lot during examination. A sleep-deprived electroencephalogram at 6 months showed multifocal epileptiform activity. This was confirmed by a 24-hour assessment at 7 months. This assessment also revealed periods of 10 to 15 seconds of sharp-wave activity. After starting on Keppra and Buccolam (when indicated) and a more nutrient-dense diet, she became more comfortable and showed increased endurance. The home-based physical therapy sessions were then carried out twice a week with the aim to increase postural control of the trunk. Activities included play and transfers in different positions, such as rolling, prone lying on the floor, and using a crawling device. She learned to move independently using this device by pushing herself forward using her feet. The next step was to introduce activities in the sitting position. Her favorite activity was to sit on a therapy ball while the physical therapist sang and moved the child forward, backward, and sideways. The occupational therapist also introduced her to manual activities while sitting in her chair. There were periods of several days where the child had seizures, constipation, sleeping difficulties, and/or infections. During these periods, the physical therapy sessions were often canceled or incomplete.
At 1 year of age, her postural control of the trunk had improved, and the aim was therefore advanced to include postural control of the head. As before, the physical therapy sessions were carried out twice a week, with periods of cancelations related to the child's condition. The focus was on activities in sitting, standing (using a standing aid), and transfers from sitting to standing. The physical therapy also cooperated with the occupational therapist in practicing the skill of holding a toy (placed in her hand) and leading it toward her mouth. Some of the sessions were carried out together with a physical therapist from the local hospital.
At the age of 14 to 16 months, there was a period of intensive training performed by the occupational therapist, focusing on manual activities. The child then learned to hold toys and lead them to her mouth. The physical therapy sessions were then carried out only twice a month focusing on maintaining skills in sitting and standing. During this period, the child also started the medication Apodorm in addition to Keppra and Buccolam, due to increased epileptic activity.
The long-term goal was that the child should be able to walk independently with a suitable walking aid. The intervention described in this article was carried out when the child was 17-to 18 months old. The child was scheduled to start in kindergarten at 21 months, and the parents' primary concern was her participation in physical and social settings. This the authors chose to address.
Intervention
The primary goal of the intervention was to improve postural control in various positions. Secondary goals were to improve mobility and social skills to enable participation in activities in kindergarten. The intervention was carried out for 6 weeks with home-based physical therapy sessions twice a week and activities performed by the parents 5 days a week. Both the physical therapy and parent sessions consisted of 3 activities lasting for 15 to 20 minutes in total ( Table 1 ). The frequency and duration were chosen according to the child's capacity and based on what has been shown to be effective in previous studies in children with cerebral palsy. 16, 17 The activities conducted by the physical therapist included supporting the child lying prone on a therapy ball performing sideways and circular movements, transferring from sitting to standing, and moving forward, backward, and sideways sitting on the physical therapy's lap (Table 1) . Parent activities included transferring from standing to prone on a therapy ball, moving forward, backward, and sideways on a therapy ball, and standing in a standing aid. The activities were a combination of familiar and new activities. The familiar activities included the third physical therapy activity and the first parent activity (Table 1 ). In addition, the child was familiarized with the standing aid.
All activities were gross motor activities challenging postural control. As activities that are meaningful to the child have been found to enhance neuroplasticity, 14 the selection was based on what the child found amusing and the activities were incorporated into play. It was important to give the child the opportunity to initiate the movements, thereby increasing her participation. The most demanding activity was put first and the one she liked best at the end of each session to increase her motivation for the next session.
Assessments
Assessments were carried out at 3 weeks before the start of the intervention (baseline) when the child was 16 months þ 1 week of age, at the start of the intervention (preintervention) at 17 months of age, at the end of the intervention (postintervention) at 18 months þ 2 weeks of age, and at 3 weeks after the end of the intervention (follow-up) at 19 months þ 1 week of age. Postural control was evaluated by using the Posture and Postural Ability Scale, 22 which measures the level of postural ability ("quantity" of posture) and alignment (quality of posture) in the frontal and sagittal plane in 4 different positions: supine, prone, sitting, and standing. Postural ability refers to the stabilizing of body segments relative to each other and the supporting surface. The level of postural ability is assessed by 1 item, with scores ranging from 1 to 7, where higher scores indicate better postural ability. The difference between levels 1 to 2 and 3 to 7 is the ability to maintain the position with or without support. 22 Postural alignment refers to the alignment of body structures in relation to each other and the surroundings. Alignment in the sagittal and frontal plane is assessed by 6 items each: head, trunk, pelvis, legs, arms, and weight distribution. Scores for each item range from 0 (asymmetry) to 1 (symmetry) giving a total alignment score ranging from 0 to 6 in each plane, where higher scores indicate better alignment. 22 The Posture and Postural Ability Scale was designed to assess posture in individuals of all ages with lower levels of gross motor function who were not able to sit or walk independently. Psychometric properties have been evaluated in children with cerebral palsy and found satisfactory with regard to validity and reliability. 22 However, the change in score required to indicate true change has not yet been established. The Posture and Postural Ability Scale was chosen because it was a measure familiar to the first author and it is the only clinical assessment tool designed to assess quality and "quantity" of posture separately. 22 Mobility and social skills were evaluated by using the Pediatric Evaluation of Disability Inventory 23 and the Caregiver Priorities and Child Health Index of Life With Disabilities. 24 The Pediatric Evaluation of Disability Inventory is a parental interview which evaluates the function of disabled children aged 6 months to 7.5 years in 3 domains: self-care, mobility, and social function. 23 It measures capability through identification of functional skills (197 items) and performance in terms of caregiver assistance (20 items) and modifications or adaptive equipment used (20 items). Each item is scored from 0 (incapable) to 1 (capable). The Pediatric Evaluation of Disability Inventory yields raw scores, normative standard scores, and scaled scores, the latter recommended as an outcome measure. The scaled scores range from 0 to 100 and provide an indication of performance of the child along a continuum of relatively easy (lower score) to relatively difficult (higher score) items in a domain. In this study, the authors chose to use the functional skills domains of mobility (59 items) and social function (65 items) in addition to caregiver assistance related to these domains (7 items for mobility, 5 items for social function), as this was relevant to the aims of the physical therapy intervention. According to the test developers, 23 a change in more than 2 standard errors is thought to reflect a change in the child's functional performance beyond random factors. However, some have suggested that a change as large as 11 points is needed in order to be clinically meaningful. 25 For the functional skills domains of mobility and social function, the standard error varies according to the score obtained. Accordingly, 2 standard errors range from 7.4 to 23.4 points for mobility and from 9.0 to 22.1 points for social function. 23 The authors used the Norwegian version of Pediatric Evaluation of Disability Inventory, which has shown high reliability. 26 Due to a discrepancy in normative standard scores between Norwegian and United States children, the scaled scores are recommended for Norwegian children. 27 The Caregiver Priorities and Child Health Index of Life With Disabilities measures caregiver's perspectives on health status, comfort, well-being, functional abilities, and ease of caregiving of children with severe developmental disabilities. 24 It was developed to measure the effectiveness of interventions intended to improve or preserve these outcomes. 24 The Caregiver Priorities and Child Health Index of Life With Disabilities consists of 37 items divided into 6 different sections: personal care/activities of daily living; positioning; transferring and mobility; communication and social interaction; comfort and emotions; and health and overall quality of life. Each item describes both the caregiver's assessment of difficulties in performing the task and the level of assistance needed. In addition, the caregiver can give details in free text within each item. Raw scores range from 0 to 6 or 0 to 9 in each section and standard scores range from 0 to 100, where higher scores indicate better function. 24 In the present study, only the 2 domains of positioning; transferring and mobility; and communication and social interaction mostly related to the intervention goal were addressed.
The Caregiver Priorities and Child Health Index of Life With Disabilities is found to be a reliable and valid measure. 28, 29 As there is no validated clinically significant change for the Caregiver Priorities and Child Health Index of Life With Disabilities, a difference larger than the mean absolute difference in scores between 2 measurements in a test-retest reliability study 24 was used as an indication of true change. The mean absolute difference was 8.97 points for positioning and transferring and mobility and 10.58 points for communication and social interaction. 24 The tests and questionnaires were also scored by an experienced physical therapist blinded to the order of the assessments and the intervention and following the scoring procedures in the respective test manuals. The results were then compared to the original scoring by the first author. There was no discrepancy for the Posture and Postural Ability Scale, the Pediatric Evaluation of Disability Inventory, or the Caregiver Priorities and Child Health Index of Life With Disabilities domains of positioning, transferring and mobility, and communication and social interaction.
Results
During the intervention period, the physical therapy sessions were conducted as planned in 10 of 12 sessions. One session was canceled and one was incomplete. The child had a period of days of not feeling well in which the sessions were postponed within the same week and the parent activities were canceled. The parent activities were performed daily, but the standing aid was only used during the first week of intervention as it was defect. A walking aid was introduced in the third week, and it replaced the standing aid for the rest of the intervention.
In the Caregiver Priorities and Child Health Index of Life With Disabilities questionnaire, the parents reported problems with teething, constipation, seizures, parent's being afraid of seizures, and the child being afraid of lying down. At preintervention, no problems were reported. At postintervention, problems with teething, the child being afraid of lying down, and a stuffy nose was reported, and at follow-up, a constipation problem was reported.
Postural Control
The Posture and Postural Ability Scale scores for level of postural ability remained unchanged at 3 points in the supine position and 2 points for sitting and standing from baseline to follow-up (Table 2; Figure 1A ). In the prone position, scores increased from 2 points at baseline and preintervention to 4 and 3 points at postintervention and follow-up.
Overall, scores for postural alignment in the frontal and sagittal plane increased in all 4 positions (supine, prone, sitting, and standing) from baseline and preintervention to postintervention and follow-up (Table 2; Figure 1B and C). In the frontal plane, the increase was 2 to 3 points for the various positions from preto postintervention. In the sagittal plane, the increase ranged from 1 to 4 points for different positions, being largest in supine and standing and smallest in the prone position. In the supine and prone position in the frontal plane, the scores continued to increase by 1 point from postintervention to follow-up.
More specifically, scores for postural alignment increased for the head or trunk in all 4 positions from pre-to postintervention in both planes, except for the prone position in the sagittal plane ( Table 2 ). The improvement was most pronounced in sitting and standing, as scores for both head and trunk alignment increased in the sagittal plane and for sitting also in the frontal plane. In total, the scores for head and trunk alignment in the 4 positions in both planes increased from 4 to 14 points from pre-to postintervention but decreased to 8 at follow-up.
Mobility and Social Skills
The Pediatric Evaluation of Disability Inventory score for functional skills increased by 9.1 points for mobility and 17.2 points for social function from pre-to postintervention (Table 3) . For social function, the score continued to increase from postintervention to follow-up. Of the single items included in these 2 domains, the following showed an increase in score from preto postintervention: 4 items related to walking, using gestures with clear meaning, noticing the presence of other children, vocalizing and gesturing toward peers, and manipulating toys with intent (Table 4) . The score for Caregiver Assistance in these domains remained unchanged at 0 points from baseline to follow-up (data not shown). The Caregiver Priorities and Child Health Index of Life With Disabilities domain score for position, and transferring and mobility decreased by 18 points from pre-to postintervention. However, both the baseline and follow-up scores were higher than the postintervention score (Table 3) . In contrast, the domain score for communication and social interaction increased by 10 points from pre-to postintervention and was unchanged at follow-up. However, the baseline score was higher than the preintervention score.
Of the single items included in these 2 domains, the following showed an increase in score from pre-to postintervention: sitting in a wheelchair, moving outdoors and items related to the child's understanding, communication with others, and being able to play alone (Table 4) . Transfers in and out of bed, chair, and car showed a decrease in the same period.
Discussion
This is the first report to describe the development of postural control, mobility, and social skills in a 17-to 18-month-old child with congenital Zika virus syndrome before and after a period of intensive, home-based physical therapy. Measured by the Posture and Postural Ability Scale, the child showed an increase in level of postural ability in the prone position and postural alignment in all 4 positions from pre-to postintervention. The increase was largely related to head and trunk alignment. Measured by the Pediatric Evaluation of Disability Inventory and the Caregiver Priorities and Child Health Index of Life With Disabilities, the child showed an overall improvement in mobility from preintervention to follow-up; however, there was a transient drop in the Caregiver Priorities and Child Health Index of Life With Disabilities scores at postintervention. The child's social skills improved by both measures from pre-to postintervention.
Although findings from case reports cannot be generalized, they can provide a valuable description, especially in relation to rare disorders such as the congenital Zika virus syndrome, where larger studies are difficult to perform. 30 Moreover, the descriptions can provide useful information when planning future studies. 30 Assessments 3 weeks before the start of intervention (baseline), at the start and at the end of intervention, and at 3 weeks after the end of intervention (follow-up) make it possible to evaluate whether results are due to the intervention or random factors and if there is a short-term lasting change. Furthermore, this study includes the use of several standardized measures of postural control, mobility, and social skills important for participation in kindergarten's daily life. Although these measures have not been psychometrically evaluated in children with congenital Zika virus syndrome, they are found valid and reliable for use in children with cerebral palsy having severe disability. Those disabilities resemble those in the present case. As the same physical therapist carried out the examinations and the intervention, observer bias could have affected the results. However, the tests and questionnaires were independently scored by a second physical therapist, blinded as to the order of the assessments and the intervention. There was a high consensus between the 2 physical therapists, indicating that observer bias was less likely.
The intervention was based on current knowledge on what has been shown effective in children with cerebral palsy, such as including parents in a home-based and intensive period of training. 12, 14, 18 Activities incorporated in play were chosen to make the intervention meaningful to the child and increase the child's motivation to participate. Active participation has been shown to affect brain function and organization by refining synaptic connections, 31, 32 possibly enhancing the effect of intervention.
14 Some of the activities in the intervention were well known to the child as they had been included in previous physical therapy sessions. This could have enabled the child to use more of her capacity in performing the activity, thereby increasing the quality and possibly the effect of therapy. The well-known activities could also have given the child a sense of achievement that could have increased her motivation. As the child had received periods of physical therapy from the age of 5 months, the authors believe that the previous interventions were essential in obtaining the level of postural control prior to this intensive period of intervention at 17 to 18 months of age. Nevertheless, assessing her postural control before and after the 3-week period of no intervention both prior to and after the intervention made it possible to assess the effect of the intervention described in this report.
The primary goal of the intervention was to improve postural control in various positions. Measured by the Posture and Postural Ability Scale, the child's "quantity" of posture (level of postural ability) in the prone position improved from pre-to postintervention. Before the intervention, the child was not able to hold her head up by herself, whereas after the intervention, she could both hold and move her head in a given position. The scores remained unchanged in supine, sitting, and standing. In 20 the supine position, the child was already able to hold the position without support, and a further increase in score would mean lifting head or feet off the floor, which cannot be considered relevant to the goals of the intervention. To increase scores in sitting and standing, the child should go from supported to unsupported sitting and standing, which was not considered realistic to achieve during the period of intervention. Thus, for these more demanding positions, the change in the quality of posture (postural alignment) can be more relevant to consider.
The increased ability to align body structures in relation to each other and surroundings in all 4 positions from pre-to postintervention is likely to be a result of the intervention, as there was no increase in scores from baseline to preintervention. The increase from 0 to 1 point in both head and trunk alignment in the sitting and standing position means that the child had developed from not being able to hold her head and trunk aligned to being able to. These new skills give the child increased possibilities to observe peers in kindergarten and thereby being able to interact and participate with others more effectively. Thus, these improvements in postural ability and alignment can be considered a prerequisite for the secondary goals of the intervention, which were to increase mobility and social skills in kindergarten.
Measured by the Pediatric Evaluation of Disability Inventory and the Caregiver Priorities and Child Health Index of Life With Disabilities, mobility increased from preintervention to follow-up. However, while the Pediatric Evaluation of Disability Inventory scores increased to postintervention, the Caregiver Priorities and Child Health Index of Life With Disabilities scores had an intermediate drop. The increased Pediatric Evaluation of Disability Inventory scores were larger than 2 standard error, 23 indicative of a true change in functional performance, although the change was a little less than Iyer et al's 25 suggestion of 11 points for a clinically significant change. Nevertheless, Pediatric Evaluation of Disability Inventory mobility items indicated that new and significant skills were learned, such as independent walking with a suitable walking aid. In accordance with this, the parents rated walking outside, along with sitting in a chair, as less difficult on the Caregiver Priorities and Child Health Index of Life With Disabilities at postintervention. However, the decrease in Caregiver Priorities and Child Health Index of Life With Disabilities score at postintervention was larger than the absolute mean difference according to the manual, 24 indicating that parents rated several skills as more difficult than at preintervention, such as transfers in and out of bed, chair, and car. The authors speculate that the assessment of these items can be related to an increased number of problems reported at postintervention, such as the child being afraid to lie down. At follow-up, the Pediatric Evaluation of Disability Inventory score was unchanged, but the Caregiver Priorities and Child Health Index of Life With Disabilities score increased by almost 3 times the absolute mean difference. At the same time, problems such as the child being afraid to lie down are not reported. This can support the speculation that the Caregiver Priorities and Child Health Index of Life With Disabilities scores at postintervention were influenced by the child's overall comfort.
The improved ability to walk and sit facilitates social interaction as the child would have the same starting position as the peers in kindergarten. This is both important for improving the child's ability to observe and also the possibility to be considered a playmate by the other children. Independent walking would also give the child the opportunity to move where she would like when she wants to. This will enhance her possibilities to interact with peers and participate in play. In fact, her social skills improved from pre-to postintervention. Both the social function domain of Pediatric Evaluation of Disability Inventory and the communication and social interaction domain of the Caregiver Priorities and Child Health Index of Life With Disabilities showed an increase in scores indicative of a true and clinically significant change. Several items requiring postural control improved, such as being able to use gestures with clear meaning, noticing the presence of other children, and manipulating toys with intent (Pediatric Evaluation of Disability Inventory) and items related to understanding and communicating (Caregiver Priorities and Child Health Index of Life With Disabilities). This supports the assumption that improvements in postural control are relevant to the child's ability to interact with peers. 11, 14 Whether the changes measured from pre-to postintervention have lasting effects is difficult to answer from this study. For postural control, most Posture and Postural Ability Scale scores increased or remained unchanged from postintervention to follow-up. However, a small decline in postural ability in prone, as well as alignment in sitting and standing, makes it unclear whether the improvements in postural control are lasting. For mobility and social skills, the Pediatric Evaluation of Disability Inventory and Caregiver Priorities and Child Health Index of Life With Disabilities scores increased from postintervention to follow-up, indicating that the acquirement of these skills can potentially be lasting. Studies with longer follow-up and more assessment points are needed to fully consider the long-lasting effect of intervention.
In conclusion, this case study of a 17-to 18-month-old child with congenital Zika virus syndrome showed improvements in postural control after a 6-week intensive, home-based physiotherapy intervention. A large amount of increase was related to head and trunk alignment. The child showed an overall improvement in mobility and social skills from preintervention to follow-up, improving the child's opportunities to participate in interaction with peers in kindergarten. Further studies are required to support the findings in this case report. As in children with cerebral palsy, intensive home-based interventions targeting gross motor skills can be a suitable physical therapy approach for children with congenital Zika virus syndrome.
